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In this paper we describe an experimental study, the state of stress around 
glassfibers in F. R. P. under load is studied through photo-elasticity experiments. 
As a result of this series of tests and experiments, it was found that stress 
concentration occurs at the end of fiber. Stress concentration becomes greater 
as the lap length of fibers becomes shorter, while it becomes smaller as the 
clearance between fibers becomes narrower. Rupture is initiated at the end of 
fiber, moves toward the side from the end, then propagates to the central part 
of the fiber. Reinforcement effect of glassfiber is subject that the adhesion of 
fiber and matrix is effective enough. 
1. Introduction 
It is necessary to clarify the relationship between arrangement of fibers and 
distribution state of stress which occurs in the matrix around fibers supporting 
strength of F. R. P., as well as to have another look at duties assigned to fibers 
and effectiveness of adhesion of fibers and matrix. ll-4) In this article. the state of 
stress around glassfibers in F. R. P. under load is studied through photo-elasticity 
experiments. 5) 
2. Experimental Method 
Table 1 shows photo-elasticity of 
the specimens used for the series of 
experiments, in term of photo-elastic 
sensitivity and strain sensitivity. 
Photo-elastic sensitivity (stress sen-
sitivity) 
*Dep. of Textile Eng. 
Table 1 Properties of the materials 
Material 
Modulus of 
elasticity 
Photoelastic 
sensitivity 
-Photoelastic 
strain sensi-
tivity 
Matrix I Fiber 
I
LoWdensity 1 E type glass 
polyethylene fiber roving 
1 28kg/mm' 13 ,000 kg/mm' 
114.94 mm/kgl Opaque 
I 418 l/mm I Opaque 
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: (;.= a ~ d = 100+ 
Strain se nsitivity (figure of merit ) : S=~d = (1.. E ( mm- 1 ) 
e • 
Wher e, n= F r inge orde r of isochromatic line 
o:=Longitudinal strain ~ 
a= Simple stress ( kg/ mm2 ) 
E = Modulus of long itudinal elasticity ( kg/ mm2) 
d = Thickness of specimen ( mm) 
c= Brewster's constant 
As an apparatus for the experiments, combined with Autograph IS-2000 is the 
photo-elastic polariscope, with which it is possible to observe state of stress of the 
specime ns with polarized light according to photo-elasticity effect of the matrix 
( P. E. ) . 
3. EX'1lerimental Results and Consideration 
Photos. 1- 6 ;:,how isochromatic line of composite material under tension, which com-
posite mate rial was prepared with one chopped strand of 40mm. long glassfiber as shown 
in Fig. 1 put be tween P. E. films ( 0.22mm. ) . It is observed from the picture that fringe 
orde r of isochr omatic line at the end of the fiber increased corresponding to the in-
crease of stress and the stress concentration took place there. When the average 
stress r eached 0. 6kg/ mm2, fringe order of isochromatic line at the end of the fiber 
Ph ot o. 1 Isochr omatic fringe Pattern. 
(a= O k g j mm2) 
Photo. 2 Isochromatic fringe Pattern. 
(a= O.4kg j mm2) 
Photo . 3 Isochromatic fringe Pattern . 
(0=O .6kgj mm2) 
Photo. 5 Isochromatic fringe Pattern . 
( 0 = 1. Okgj mm2) 
Photo . 4 Isochromatic fringe Pattern . 
(0=O .8kgj mm2) 
Photo . 6 Isochromatic fringe Pattern. 
(0=1.1kgj mm2) 
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increased suddenly as shown in Photo. 3, and it 
is observed that adhesion of fiber to matrix began 
to peel and rupture. Photo. 4 shows that the 
adhesion has ruptured at the end of the fiber 
under the average stress of O.8kg/mm2, a hole has 
been created and the greatest stress has moved to 
the side from the end of the fiber. Under the 
average stress of 1. 0-1. 1 kg/mm2 , shearing rupture 
moves toward the interface of 'fiber and matrix 
from the end of the fiber as sho-\vn in Photos. 5-6 
and propagates toward the central part of the 
fiber. Relationship between modulus of stress 
concentration and tensile stress is given in Fig. 3. 
Stress concentration at the end of fiber causes local 
yielding, and becomes smaller as the average stress 
becomes greater. Further, as the whole of the spe-
IT 
t t t t t t 
Glass fiber 
Matrix 
Fig. 1 Test specimen for 
tensile test. 
cimen yields, modulus of stress concentration comes closer to 1. It is known from 
Fig. 2 that there is no stress concentration when a=O, while modulus of stress con-
centration becomes greater than 1 immediately when a>O. Fig. 3 is the stress-strain 
diagram representing stress condition shown in Photos. 1-6. In the range (I) in 
Fig. 3, whole of the structural element is within elastic range, and deformation can 
be restored as a whole. This corresponds to the range where the modulus of stress 
concentration is almost constant in Fig. 2. In the range (II) in Fig. 3, partial rupture 
occurs at the end of the fiber, thence shearing stress moves from the end of the 
fiber to thp side and the greatest shearing stress appears between the fiber and 
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Fig. 2 Relation between stress conce-
ntration factor and stress. 
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Fig. 3 Stress-strain curve of FRPE. 
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the matrix. Yielding range expands, and structural element as a whole can tolerate 
the load in elastic-plastic range. This corresponds to the point where modulus of 
stress concentration descends gradually in Fig. 2. In the range ( III) in Fig. 3, whole 
of the specimen yields, and the structural element can no more tolerate the load in 
plastic range, where deformation becomes greater. This corresponds to the point 
where modulus of stress concentration is approximately 1 in Fig. 2 and where the 
interfacial rupture between fiber and matrix propagates from the end to the central 
part of the fiber. Average stress at this point is 1.1kg/ mm2, while strength of 
matrix itself is 1.2kg/ mm2• Here come up questions of stress concentration at the 
end of fiber and interfacial adhesion of fiber and matrix. Photos. 7- 9 show isocli-
romatic line of composite materials applied with tensile stress of O.5kg/ mm2 in axial 
direction of fiber, which composite materials were made of matrix containing in 
Photo. 7 Isochromatic fringe pattern. (glass fiber 
length = 40mm) 
Photo. 8 Isochromatic fringe pattern. (glass fiber 
length=30mm) 
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Photo. 9 Isochromatic fringe pattern . (glass fiber 
length = 20mm) 
itself a chopped strand of glassfiber of 40, 30 and 20mm. in length. Fig. 4 shows 
principal stress diagram of the specimen having 40mm. long chopped strand. 
Fig . 4 Tensile stress trajec-
tories derived from 
the isoclinic fringe 
pattern. 
Shearing stress distribution on inter-
face of matrix and fiber is shown in 
Fig. 5, from which it is noted that 
transmission of stress from matrix 
to fiber is effected in terms of shea-
ring stress on the interface and that 
the shearing force at the end of fiber 
is constant irrespective of the fiber 
length. Fig. 6 shows modulus of stress 
concentration at X-mm. from the end 
of fiber, from which it can be observed 
tha t, regardless of the length of fiber, 
modulus of stress concentration at 
the end of fiber is the same and the 
Fringe order 
o 2 
I I 
Stress order 
o 02 Q4 (kg/mmJ ) 
I I I I 
~I'------------- 40mm ------------~,I 
Fig . 5 The variation of the interface 
shear stress. 
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Fig. 6 Relation between stress concen-
tration factor and distance from 
the fiber end. 
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modulus at X-mm. from the end has the same tendency. A composite material with 
a chopped strand of 40mm. in fiber length and grating pattern painted on surface 
was subjected to tensile strength in axial direction of fiber, and Photos. 10 and 11 
Photo . 10 Specimen before tensile test . Photo. 11 Specimen after tensile test. 
Photo. 12 Isochromatic fringe patter~ . Photo. 13 Isochromatic fringe pattern . 
CL= -10mm) CL=Omm) 
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Photo. 14 Isochromatic fringe pattern. 
( L=10mm) 
Photo. 16 Isochromatic fringe pattern. 
( L=30mm ) 
Photo. 15 Isochromatic fringe pattern. 
( L=20mm) 
Photo. 17 Isochromatic fringe pattern. 
( L=40mm) 
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show the specimen before and after application of such tension. Grating pattern at 
the central part of the specimen was scarcely deformed, while the pattern at the 
end of the fiber showed remarkable deformation. Stress concentrated at the end of 
the fiber acts as shearing stress between fiber and matrix, and it is then dispersed 
and transmitted from the matrix to the fiber. Photos. 12- 17 <'show isochromatic lines 
appeared on different specimens under tension of 1.0kg/ mm2 applied in the axial 
direction of fiber, which specimens had clearance of 10mm. between adjacent fibers 
and lap lengths of - 10, 0, 10, 20, 30 and 40mm. It is observed that fringe order at the 
end of the fiber decreases as the lap length becomes longer, and that matrix turns 
into elastic deformation range from plastic range. When lap length is 20tnm. or less, 
plastic deformation occurs locally, and the material cannot tolerate the heavier load. 
As shown in Photos. 16 and 17, fringe order of isochromatic line is few with lap 
length of 30 or 40mm., and, although stress concentration is observed at the end of 
fiber, the material can tolerate the heavier load. Photos. 18- 21 show isochromatic 
line appeared on different specimens under tension of 1.0kg/ mm2 applied in the 
axial direction of fiber, which specimens were prepared with fixed lap length of 
30mm., but varying clearance as 0, 5, 10, 20 and 30mm. As the clearance becomes 
longer, fringe order of isochromatic line at the end of fiber becomes more, stress 
concentration greater, resulting in local plastic deformation and shearing rupture. 
Reviewing these facts, it can be said that the narrower the clearance be, the fewer 
the fringe order and the smaller the shearing stress occuring in the material. This 
of course means that such material can tolerate heavier load. 
Photo . 18 Isochromatic fringe pattern. 
( C = Omm) 
Photo. 19 Isochromatic fringe pttern . 
(C = 5mm ) 
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Photo, 20 Isochromatic fringe pattern , 
(C=20mm) 
4. Conclusion 
Photo, 21 Isochromatic fringe pattern, 
(C=30mm) 
The following summary can be made from the results of the present experiments. 
As a result of this series of tests and experiments, it was found that. 
Stress copcentration occurs at the end of fiber. Stress concentration becomes 
greater as the lap length of fibers becomes shorter, while it becomes smallar as the 
clearance between fibers becmes narrower. Rupture is initiated at the end of fiber, 
moves toward the side from the end, then propagates to the central part of the 
fiber. Reinforcement effect of glassfiber is subject that the adhesion of fiber and 
matrix is effective enough. 
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